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Aim: This paper aims to understand how the concept of risk and risk 
governance can be best articulated and integrated into Indonesia’s SEA. 
Attention regarding health risks emerging from human interactions with 
the physical environment has increased in Sustainable Development and 
Planning (SDP). Methodology and Results: Strategic Environment 
Assessment (SEA) is the current context-based methodology addressing 
environmental and health risks of development planning in many 
countries. Environmental and health risk assessment (EHRA) is an 
integrated part of the SEA. EHRA, as a field of science, has evolved towards 
specific needs in many sectors, e.g. dose-response, quantitative microbial 
risk assessment, ecological risk assessment. The main challenge is how to 
determine the suitable EHRA approaches and translate the fact-based 
EHRA into risk-informed strategies in SDP. In Indonesia, the SEA is 
mandatory for regional planning documents. However, there is limited 
guidelines and application on EHRA in SEA. Through a meta-analysis, we 
reviewed scholarly articles published from 2009 to 2019 available in 
Google Scholar that report the concepts and implementation of EHRA and 
SEA in various countries. Conclusion, significance and study impact: This 
study has significant implications for the understanding of risk governance 
in SDP. 
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Land-use change, the introduction of resource-extracting and environment-degrading activities 
and other development activities pose ecological and health risks at different scales (Balfrors et 
al., 2018). The integration of environmental sustainability into spatial planning, or hereinafter 
called sustainable development and planning (SDP), has been widely envisioned, not only at the 
national level but also at the local level. Local policy-making is crucial in addressing 
environmental issues (Sappington et al., 2011). However, although environmental sustainability 
is strongly promoted in the national policy level, it is not plausible to expect local planning to 
have a strong environmental nuance if such aspirations are not politically prioritized in the local 
policy debate (Josimovic et al., 2015). 
As an attempt to mainstream environmental sustainability into local policies, the 
Government of Indonesia (GoI) developed the most current mandatory environmental 
management instrument, the Strategic Environmental Assessment (SEA). The implementation 
of SEA in the international level started almost two decades ago. SEA shifts the orientation of 
environmental management policies from limited to the project level to upstream- and macro-
level interventions and is expected to be able to anticipate cross-boundaries and cross-sector 
environmental effects (Lithner et al., 2011). Noble et al (2019) stated: “..there is no universal 
model for SEA”; thus, SEA has limitless interpretations and application through different sectors, 
not only planning, but also specific fields, e.g. tourism (Khosravi and Jha-Thakur, 2019; Lemos et 
al, 2012), energy (Andrade and Santos, 2015; Phylip-Jones and Fischer, 2015; Wu and Ma, 
2018), transportation (Fischer, 2006), oil and gas (Fidler and Noble, 2012), waste management 
(Desmond, 2009 ; Victor and Agamuthu, 2013), agriculture (Noble and Christmas, 2008), and 
infrastructure (Kirchhoff et al., 2011). Based on the Act Number 32 the year 2009 on the 
Protection and Management of the Environment, SEA is a systematic, comprehensive, and 
participatory assessment aiming to ensure that the principles of sustainable development have 
become the basis of and have been integrated in the strategic development of a region and/or 
Policy, Plan, and/or Program (PPPs), especially in the local level.  
‘Risk’ is an integral part of the Indonesian SEA, where a certain PPP may pose risks to human 
and/or ecosystem. The Governmental Regulation Number 46/2016 regarding the Procedures of 
the Strategic Environmental Analysis indicates that environmental and health risk assessment 
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(EHRA) can be used in the SEA; thus, EHRA supposedly serves as a decision support tool in the 
SDP. However, several interactions with local authorities indicates that, in the practical level, 
there are confusions over which risk assessment methods to be used, as SEA covers many topics 
in which risks may be assessed (e.g. climate change, disaster, biodiversity, etc.). In a broader 
sense, there are limited examples of successful integration of the risk governance notion in SEAs 
that effectively informs the local authorities towards eliminating risks related to their 
development plans.  
This paper aims to understand how the concept of risk and risk governance can be best 
articulated and integrated into Indonesia’s SEA. Our exploration consists of three layers. Firstly, 
we discuss the deliberation of the notion of ‘risk’ in Section 3.1. Secondly, we review papers 
related to the methodological approaches of EHRA in various countries and presented the result 
in Section 3.2. We also investigate the characteristics of SEA in other countries that makes the 
concept of risk is crucial in its implementations. Thirdly, we contemplate how the risk 
governance in SEA can lead to more sustainable planning and development in Section 5. Finally, 
we provide conclusion and recommendations for future research in finding the best approach 
of assessing risk in the context of SEA in Indonesia. 
 
2. RESEARCH METHODOLOGY 
 
We collected papers to make an inventory of various methodological approaches of EHRA and 
to understand lesson-learned related to SEA in various settings. Although some studies, 
especially EHRA studies are quantitative in nature, we performed a qualitative meta-analysis 
with steps as follows (Rachid and Fadel, 2013): 
1) Identification and description of primary studies. We locate studies published in English 
from 2009 to 2019 in Google Scholar with predetermined keywords: environmental risk 
assessment, health risk assessment, environmental and health risk assessment, and the 
Strategic Environmental Assessment. We exclude papers that discuss risks related to 
accidents such as occupational hazards and explosions. To see how Indonesian SEA was 
conducted, we also reviewed eight SEA documents from seven local governments in 
Indonesia: Bekasi City, Garut Regency, Sukabumi Regency, South Sulawesi Province, 
Linggarjati Regency, Central Kalimantan Province, and Semarang City. 
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2) Considerations of quality and fit. To consider the quality of the study, we omitted 
unpublished studies or grey literature. We only include health risk assessment studies with 
environmental-related agents and potential spatial applications. In this phase, 118 papers 
were considered in the next step. 
 
3) Generating labels and categories. In this meta-analysis, two examinations were conducted. 
Firstly, we made an inventory of EHRA methods where we formulated a classification of 
how health and environmental risks were assessed. Secondly, we reviewed papers related 
to SEA and gave labels to central findings of the SEA studies that we later developed into 
categories that describe patterns (Rachid and Fadel, 2013). 
 
3. RESULTS AND DISCUSSION 
 
3.1 The Concept of Risk, Risk Management, and Risk Governance 
 
In a conventional environmental health perspective, the risk is a function of the presence of a 
hazard and exposure. An environmental hazard can be a chemical, physical, biological agent or a 
situation that has a potential to harm the environment or human health; while exposure is 
defined as a contact or an effective transmission between hazards and the receivers (e.g. 
human, business operations, properties, ecosystem). In this traditional hazard-consequence 
framing, the cause of risks is obvious, risks can be calculated by single dose-response statistical 
models with low uncertainty (Asselt and Renn, 2011). Managing risks by quantitative 
assessment (including risk characterization and evaluation) and strategy development to 
minimize them are appropriate for these traditional risks. These risks have clear causal 
relationships, and solutions are available technically, politically, and economically (Gouldson, 
2007; Marchi and Ravetz, 1999).  
However, most environmental and health risks are systemic; where risks are complex and 
embedded in wider environmental, social, economic and political systems (Asselt and Renn, 
2011; Gouldson, 2007; Marchi and Ravetz, 1999). Straightforward hazard-consequence analyses 
are inadequate to assess systemic risks with growing and non-linear potential harms in SDP 
context. Analyses should also take into account interdependencies, ripple, and spillover effects 
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64 
(Asselt and Renn, 2011; Gouldson, 2007; Marchi and Ravetz, 1999; Briggs, 2008; Ankley et al., 
2010)  
The broaden scoping of risk shifts the paradigm from managing risk, into governing risk. The 
notion of “governance” first emerged in the political science to refer to the manifold of state 
and non-state actors (e.g. civil society actors, economic players) and processes that lead to 
collective binding decisions (Mauelshagen et al., 2014). Governing risks encompasses processes 
and structure that guide and restrain collective activities to manage risk (Mauelshagen et al., 
2014). 
The “beyond-management” perspective in the context of controlling and reducing the 
impact of systemic risks is necessary due to the three characteristics of systemic risks: complex, 
scientifically uncertain, and socio-politically ambiguous (Mauelshagen et al., 2014; Linke et al., 
2013). Systemic risks are complex because it is difficult in identifying and calculating cause-
effect relationships between multiple hazards and a specific effect. Systemic risks also have a 
high degree of scientific uncertainty because most of the times, in policy settings, the required 
data, and information to assess risks are absent. Systemic risks are also ambiguous in regard to 
the different understanding and interpretations about the same risk phenomena. Attention 
towards risk governance is widely discussed in the context of climate change because it 
exercises a high range of uncertainties and encompasses complex human-natural systems 
across vast spatial and temporal scales (Cochran and Teasdale, 2011). However, most current 
environmental problems are systemic in nature and involved an array of interactions in natural 
and social systems, e.g. cumulative impacts of water pollution generated by multiple activities, 
etc, and thus requires the approach of governance rather than simply management. 
 
3.2 Environmental and Health Risk Assessment (EHRA) 
 
Environmental risk assessments for chemicals analyze fate and effect of the release of a certain 
pollutant to a specific environmental matrix, i.e. air, water, and soil, in a certain area (e.g. Blasco 
et al., 2014; Chen et al., 2011; Robinson, 2009). Some studies further assess the effect of the 
accumulation of pollutant released into the environmental matrix to non-human (biota) that 
represents each trophic level in an area (Chen et al., 2011; Rivera-Jaimes et al., 2018); 
Altenburger and Greco, 2009). Environmental risk assessment studies follow the analyses: 
hazard characterisation (Lithner et al., 2011; Chen et al., 2011; Oakes et al., 2010; Kuster et al., 
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2009; Sprang, 2009), exposure pathway assessment (Oakes et al.,  2010; Escher et al., 2011; 
Pereira et al., 2014), and risk calculation (Oakes et al., 2010; Kuster et al., 2009; Sprang, 2009; 
Roberts et al., 2014; Zhang et al., 2012) (Figure 1). Several methods use in environmental risk 
assessments for chemicals are risk index calculation (Liu et al., 2012; Lu et al., 2014; Wang et al., 
2014, Zhang et al., 2009 ; Zhao et al., 2012), risk quotient calculation (Escher et al., 2011; Chen 
et al., 2016; Díaz-Garduño et al., 2017; Papadakis et al., 2015) hazard quotient calculation 
(Papadakis et al, 2015; Men et al, 2017), and other ecotoxicological approaches (Escher et al., 
2011 ; Yi et al., 2011; Devi et al., 2016; González-Pleiter et al., 2013; Ji et al., 2012; Min et al., 




Figure 1 Generic model of environmental risk assessments 
 
The risk to the supply of ecosystem service (RESS) is a new approach to look at the potential 
impact from the multiple activities to an ecosystem (Borgwardt et al., 2019). Each activity may 
contain one or more impact chain that poses a risk to the ecosystem (Figure 2). Risks are 
calculated as a function of the presence of pressure, exposure level and severity, which takes 
into account five risk criteria: spatial area affected by the pressure, temporal frequency, 
persistence, dispersal potential, and severity (Ludovico and Fabietti, 2018). The risks resulted 




Figure 2 Impact chains in calculating risk to ecosystem (Adapted from Ludovico and Fabietti, 2018) 
 
Environmental risks can also be calculated by taking into account some development and 










Impact to ecosystem 
component
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The indicators selected represent factors that may affect natural resource, ecosystem health, 
and environmental quality. Index systems were developed through expert judgments to 
estimate what indicators should be used and the weight of each indicator. These kinds of 
studies can trigger planners to integrate environmental problems in land use planning when 
being presented as risk maps. 
Meanwhile, in assessing the effect to health, traditional chemicals risk assessment on health 
follows similar steps as environmental risk assessments (Ogunkunle and Fatoba, 2013; Zhang, 
2019; Miri et al., 2019). Health effect assessed is usually specific, i.e. conventional disease, 
biomolecular changes, or a biochemical indicator, and usually studied to a defined population 
(Zhang, 2019; Miri et al., 2019; Latif et al., 2019; Liu et al, 2009; Kang et al., 2017). Health risk 
assessment can also be presented as risk maps where exposure is indicated by the dispersion of 
a certain pollutant. These spatial health risk assessment studies consider exposure target 
characteristics (such as gender, age, location), and possible pathway exposure (Liang et al., 
2019; Wang et al., 2019). 
Health risk assessments also apply to disaster and climate change contexts, two phenomena 
where there are complex direct and indirect pathways from hazards to health impacts (Banwell 
et al., 2018; Campbell-lendrum et al., 2015; Mall et al., 2019; Islam and Zhang, 2019). The 
approach in assessing risk is different from the traditional one where, here, the risk is a function 
of hazard, exposure, vulnerability and capacity (Mcmichael et al., 2005). 
 
3.3 What Makes the Strategic Environmental Assessment ‘Strategic’?: Lesson 
Learned in Various Countries 
 
SEA was introduced as a promising instrument to assess and shape the formulation and 
implementation of PPPs towards informed-decision making and sustainable outcomes (Noble et 
al., 2019; Taylor et al., 2014; Partidario, 2015).  
Strategic assessment is the heart of an effective SEA. We identified one the most important 
strategic features in SEAs related with the concept of risk: there should be explorations of 
alternatives or strategic options that can influence the decision making in the planning sector 
to move towards sustainability (Noble et al., 2019; Partidario and Monteiro, 2019). In SEAs, 
environmental issues were taken into account and the consideration of alternative variants and 
the identification of potential negative impacts, social, spatial and environmental conflicts were 
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considered in the decision making (Andrade and Santos, 2015; Phylip-Jones and Fischer, 2015; 
Geißler et al., 2019; Tshibangu and Montaño, 2019). A review paper exploring ten decades of 
SEA applications also states that the identification and evaluation of alternatives in SEA is a way 
to decide for more sustainable PPP options. By assessing alternatives as to the core activity in 
SEA, policymakers are given a thorough picture of different scenarios on how a sustainable 
pathway may be achieved. A review paper on the SEA methodologies also offers a method on 
how alternatives can be selected through multiple attribute analysis (MAA). MAA can assist in 
structuring the decisions, portraying and judging among trade-offs, as well as evaluating risks 
and uncertainties (Faber and Wensem, 2012). 
To support the SEA’s role in providing PPP alternatives, it is logical that SEA serves as an ex-
ante analysis in which it is done in the planning phase. In many countries such as Brazil and 
Malaysia, SEA is placed in the initial drafting phase of the PPPs (Andrade and Santos, 2015; 
Victor and Agamuthu, 2013; Partidario and Monterio, 2019; Tshibangu and Montaño, 2019). 
Even so there are several challenges that make SEA is not as ‘strategic’ as it should be. In Brazil, 
the evaluation of alternatives often occurs after the PPP decision was made and sometimes 
without the necessary analyses, making it is no longer possible to significantly alter the paths 
taken by the policy decision (Andrade and Santos, 2015). In Poland, SEA is rarely used to 
develop PPPs, and the plan makers are unwilling to consider changes recommended by SEA 
(Tokarczyk-Dorociak et al., 2019). In Germany, often alternatives assessments are limited to 
‘micro siting’ rather than scenarios or demand alternatives (Geißler et al., 2019). This reduces 
the effectiveness of SEA in influencing policy-making to the applications of alternatives.  
We think that the core aim of SEA to provide and assess strategic alternatives fits 
impeccably with the ‘risk’ notion. Risk assessments can provide information which alternative 
results in the lowest environmental and health risks. However, most international discussion on 
SEA and risk are limited to natural risk or disasters, e.g. Roura and Hemmings, (2011). A study in 
Chile, for example, proposes to use a Natural Risk Index to take into account hydro-geological 
risks, such as landslide, flooding, and tsunami (Rojas et al., 2013). There are still limited 
applications linking SEA and systemic risks. We identified that systemic risks have yet to be 
taken into account in SEA. 
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3.4 Integrating Risk Governance Approach in Indonesia’s SEA: a Pathway towards 
SDP 
 
In the previous chapter, we have reviewed papers related to EHRA methodologies and SEAs in 
various countries. In this section, we look closer to SEA application in Indonesia, how it is 
framed and applied, and how the selection of alternatives through lense concepts or risk 
governance, including the selection of alternatives thorough risk assessment, can best serve the 
Indonesian planning sector to move towards sustainability. 
In Indonesia, SEA is an ex-ante analysis in which it’s done in the planning phase. Based on 
the existing regulation, SEA is an instrument to integrate environmental concerns into a PPP in 
the hope that SEA can assist the said PPP to incorporate sustainability measures. The rule-of-
thumb is, if PPP of an area causes the environmental carrying capacity to be surpassed, PPP has 
to be revised based on the SEA’s recommendation. But there is still a debate among planners 
and local government when exactly SEA should starts in the planning phase. At this point, it is 
expected that a draft PPP is the input of SEA. The Ministerial Decree Number 69/MenLHK/2017 
indicates that SEA serves to evaluate the impact of a PPP to the environment, alternatives 
formulation of PPP, and provide recommendations for improvement.  
A review paper on Indonesia’s SEA indicates several challenges of SEA’s early 
implementations (Victor and Agamuthu, 2013). SEA was perceived as an additional burden that 
delays the policy process by the planning agencies and SEA initiatives were driven in a top-down 
manner with minimal public participation. Considering how SEA is framed on the Indonesian 
legislation and the findings of SEA challenges, we suggest that SEA shall start in a time frame 
where planners can exploit its prominent advantage, its ability to assist in effectively assessing 
alternatives. It means, we think SEA would be best started when the rough draft of PPP is 
present but there is still enough room for alternative assessment and allow adequate 
participatory processes to take place. 
In general, two main PPPs that require SEA in Indonesia are the regional mid-term plan or 
Rencana Pembangunan Jangka Menengah Daerah (RPJMD) and the Regional Spatial Plan or 
Rencana Tata Ruang (RTR). Based on Minister of Home Affairs Regulation Number 86/2017, 
RPJMD is regional planning documents for a period of 5 (five) years starting from being 
inaugurated until the end term of office of the Regional Head. Rencana Tata Ruang is the result 
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69 
of a process for determining the spatial structure and spatial patterns which include the 
preparation and determination of spatial plans. Figure 3 and 4 show how SEA was conducted for 
both PPPs. 
In RTR’s SEA, the Government Regulation Number 46/2016 provides a series of steps on 
how SEA is conducted. First, planners make a shortlist about sustainable development issues in 
the study area. These issues are then prioritized by weighting. In parallel, PPPs content is also 
reviewed to judge whether it gives a significant impact on the environment and/or health. This 
result in priority issues and priority PPP content to be further evaluated by six approaches: 
carrying capacity assessment, risk assessment, ecosystem service assessment, natural resource 
effectiveness assessment, climate change, and biodiversity assessment. The results of these six 
assessments will be used to evaluate alternatives. ‘Alternatives’ have been specified in the same 
regulation as alternatives of the goal or target, target achievement strategies, scale and 
locations, technical process, methods, and adaptation measures, as well as implementation 
priorities. The regulation further states that SEA also provides guidelines for risk mitigation 
measures and recommendations of how PPP can be improved and the list of activities causing 
the environmental carrying capacity to be surpassed. The SEA for RPJMD follows a similar path 
with different steps with the SEA for RTR. The SEA for RPJMD results in alternatives and 
recommendations that will be integrated into the RPJMD document. 
The Figure 3 and 4 show that risk assessment is only a part among six mandatory 
approaches that have to be included in both SEAs for RPJMD and RTR. A quick look towards 
eight SEA documents suggest the documents have followed the guidelines and that alternative 
evaluations were present although there is no clear evidence that participatory processes 
involving a wide range of stakeholders, including the risk managers and the subject of potential 
impacts, took place. 
Even so, we think that the whole process of SEA is essentially a process of governing risk, 
not only limited to step 6 in RPJMD’s SEA and step 4 in RTR’s SEA (Figure 3 and 4). We think that 
assessing carrying capacity, ecosystem service, natural resource, climate change, and 
biodiversity should be perceived from the risk lense. The eight SEA documents have not yet 
discussed risk as a dominant theme, and several interactions with local planners indicate that 
there are still confusions over how risk can be best assessed.  
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We have come up with an inventory of EHRA methodologies. Traditional EHRA studies for 
chemicals, complemented with a spatial model, that highlight the probable effect of a single or 
multiple pollutants may be useful for some areas with specific, significant pollutants (for 
example, the risk of arsenic pollution in Bangladesh). Even so, it’s not suitable for assessing 
cumulative risks posed by multiple activities that are difficult to be explained by a single 
exposure-dose-effect relationship.  
RESS, on the other hand, has a promising application for SEA because of its ability to assess 
cumulative impacts resulting from multiple activities. However, RESS spatial analysis is based on 
ecosystem boundaries that often overlap administrative ones. Moreover, RESS requires in-
depth knowledge regarding the characteristics of each activity which can only be done through 
intensive field surveys. Using risk indices to build risk maps is probably promising, but at this 




Figure 3 SEA for RTR 
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Figure 4 SEA for RPJMD  
 
4. CONCLUSION  
This paper lays the preliminary discussion on how SEA in Indonesia relates with the notion of 
risk. As a strategic sustainability tool, it is imperative that several development alternatives 
were made in SEA where environmental and health issues were discussed. The evaluation and 
selection of alternatives will be beneficial if they are framed in the perspective of risk, 
particularly when there is a room for PPP’s improvement based on SEA’s recommendations and 
adequate participatory processes leading towards collective decisions are ensured. However, 
observations to several local SEA documents indicate that not only risk has not been a main 
theme of SEA, but there was also limited formulation of alternatives made based on risk. 
Indeed, our review to the literature concludes that risk assessment methods vary, and it is clear 
that there is no one-size-fits-all method to assess environmental and health risk in the context 
of SEA. Indonesia’s SEA requires a risk assessment approach that can consider interactions of 
multiple hazards or activities, consider systemic risks, have clear spatial information, and built 
based on the existing information on RPJMD or RTR. Traditional EHRAs will not be adequate to 
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incorporate interactions of activity, but RESS approach requires too detailed information which 
is not available in PPP. Building risk index may be a good approach, but several risk indices in the 
literature have not been tested in the context of Indonesian SEA.  
The finding from this study rests groundwork for rigor scientific processes in developing a 
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